There has been a growing interest in studying the role played by lipid peroxidation and antioxidant status in breast cancer. Free radicals are found to be involved in both initiation and promotion of multistage carcinogenesis. In the present study, effects of Kalpaamruthaa (KA), a modified Siddha preparation on the levels of lipid peroxides (LPO) and status of antioxidants in several tissues were studied in mammary carcinoma rats. The levels of reactive oxygen species (ROS) were also measured in the control and experimental animals. A significant increase in the levels of LPO, ROS and a decreased levels of antioxidants observed in mammary carcinoma bearing rats were found to be reverted back to near normal levels on treatment with KA. Simultaneous treatment with KA showed more effect than post treatment with KA. Drug control animals showed no significant changes in the levels of ROS when compared with control animals. These results suggest that the free radical mediated damage during mammary carcinoma could have been controlled by KA by its free radical quenching and antioxidative potential. The above results also show that KA exert its anticancer effect on the development of breast cancer.
between oxygen free radicals formation and scavenging by antioxidants. Excess generation of oxygen free radicals can cause oxidative damage to biomolecules resulting in LPO, mutagenesis and carcinogenesis. Oxygen free radicals-induced lipid peroxidation has been implicated in neoplastic transformation. 2) ROS such as superoxide anion radical (O 2
•-), hydroxyl radical (OH • ) and hydrogen peroxide (H 2 O 2 ) are produced in aerobic metabolism. 3) Previous studies have demonstrated the involvement of ROS in breast cancer patients. 4) To control the overproduction of ROS, the cells protect themselves against oxidative damage by antioxidant detoxifying mechanisms that help to lower
INTRODUCTION
In breast cancer, generation of reactive oxygen species (ROS) is recognized to induce oxidative DNA damage and neoplastic transformation. Of late, ROS are being increasingly implicated in breast cancer development. 1) Moreover, the ROS-induced oxidative damage causes a decrease in the efficiency of antioxidant defense mechanism. In recent years, there has been a growing interest in studying the role played by lipid peroxides and antioxidant status. Proper balance between LPO and antioxidants should be maintained in the cell because of their potential importance in the pathogenesis of various pathologic diseases including cancer. Neoplastic cells may sequester essential antioxidants from circulation to supply the demands of growing tumour. Oxidative stress arises when there is an imbalance (SOD) catalyses the dismutation of the O 2
•-into H 2 O 2 .
5) H 2 O 2 is metabolized by catalase and glutathione peroxidase (GPx) to form water. Catalase is an enzyme found in virtually all aerobic cells that under certain conditions can play a critical role in detoxifying H 2 O 2 in tissues. GPx reduces H 2 O 2 and organic peroxides (ROO) while oxidizing GSH. Oxidized glutathione (GSSG) is reduced back to GSH by glutathione reductase (GR) in the presence of NADPH. 6) GSH in conjunction with GPx, plays a central role in the defense against free radicals, peroxides and a wide range of xenobiotics and carcinogens. 7) The erythrocytes are particularly vulnerable to oxidative damage due to continuous exposure to high oxygen tension as well as the presence of large amounts of iron, a potent catalyst for oxygen free radical production and polyunsaturated fatty acids (PUFA), major targets for peroxidation.
8) The normal erythrocyte is, however, resistant to oxidative damage, because it is rich in SOD, catalase (CAT), GSH, GPx, glutathione S-transferase (GST) and vitamin E. The plasma is also richly endowed with aqueous radical trapping antioxidants. 7) Low levels of essential antioxidants in the circulation have been found to be associated with an increased risk of cancer. 9) Kalpaamruthaa (KA) is a modified Siddha formulation which contains Semecarpus anacardium Linn. nut milk extract (SA), dried fruit powder of Emblica officinalis (EO) and honey. The component study of KA reveals the presence of flavonoids, ascorbic acid, polyphenols, tannins, sugars, sterols, etc. Dose dependant study of KA suggested the effective dosage level to be at 300 mg/kg body weight. 10) Semecarpus anacardium Linn. (Family: anacardiaceae) is commonly called as marking nut.
11)
From the phytochemical studies of Siddha preparation of Semecarpus anacardium nut extract from our laboratory, reported by Vijayalakshmi et al., 12) it was found to contain phenols, flavonoids and carbohydrates. Further analysis revealed the presence of iron, copper, sodium, calcium and aluminium in traces. A number of pharmacological properties such as anticancer, 13, 14) antirheumatic effects 15, 16) and effectiveness against hepatocellular carcinoma 17) have been reported on SA. Emblica officinalis (syn: Phyllanthus emblica; family: Euphorbiaceae) commonly known as amla have been used in the treatment of cancer. It also possesses antibacterial, anti-inflammatory 18) properties. SA and EO have also been demonstrated to possess a strong free radical and antioxidative potential against mammary carcinoma. 13, 19) Mahmud et al., 20) reported that the supplementation of Emblica officinalis combats cytotoxicity and has protective effect against chemical carcinogenesis. Honey has been reported to promote cell death and inhibit cancer cell growth. 21) Ascorbic acid, an important constituent of EO have been shown to prevent cancer. 22) Hence, in the present study, the effects of KA on the alterations in the lipid peroxides and antioxidant status caused mammary carcinoma were investigated.
MATERIALS AND METHODS
Animals ---Female albino Sprague-Dawley rats, 50-55 days, were obtained from the National Institute of Nutrition , Hyderabad , and maintained at 30°C (approx.) on a 12 ± 1 hr day-night rhythm. The rats were fed with commercial rat feed supplied by M/s Hindustan lever Ltd. Mumbai India under the trade name Gold Mohur rat feed. Food and water were given ad libitum.
Animal Model: The rats were divided into five groups with six animals in each group and were given the dose regimen as follows. Group I: Control animals, Group II: Breast cancer was induced in overmight fasted animals by a single dose of 7,12 Di methyl benz(a)anthracene (DMBA) in olive oil (25mg/kg body weight) by gastric intubation. After six weeks, adenocarcinoma was confirmed by histologic examination. Group III: Breast cancer induced animals (as in Group II) but in addition, after three months, treatment was started orally with Kalpaamruthaa (300 mg/Kg body weight/day) dissolved in 0.5 ml of olive oil and continued for 48 days daily by gastric intubation. Group IV: Mammary carcinoma was induced (as in Group II) but in addition, treatment was started from the day of induction orally with Kalpaamruthaa (300 mg/Kg body weight/day) dissolved in 0.5 ml of olive oil and continued for 48 days daily by gastric intubation. Group V: Drug treated control, the drug KA (300mg/ kg body wt) was administered to control animals for 48 days by intubation.
The study has got the ethical committee clearance and the experimental animals were handled according to the University and Institutional Legislation, regulated by the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Social Justice and Empowerment, Government of India.
Animals were weighed, explored by inspection and palpation and the two major and perpendicular diameters of each were measured with a caliper. Tumour Volume: Total volume was measured using the formula ν = 4/3 X π X {(d1)/2} X {(d2/ 2)}, where d1 and d2 are the two diameter of the (d1 > d2). At sacrifice, the volume of each was calculated using its three diameters: ν = 4/3 X π X {(d1)/ 2} X {(d2/2)} -{(d3/2)}.
After the experimental period, the animals were sacrificed by cervical decapitation. Breast tissues, liver and kidney were immediately excised from the animals and washed well with ice-cold saline and homogenized in Tris-HCI buffer (0.1 M, pH 7.4). Blood was also collected for further analyses. Biochemical Assays ---The following parameters were estimated in control and experimental animals. Erythrocyte membrane was isolated according to the method of Dodge et al. 23) Tissue lipid peroxides was estimated by the method of Devasagayam and Tarachand 24) using malondialdehyde as standard. Plasma lipid peroxide level was estimated by the method of Yagi 25) where the results were expressed as nmoles of malondialdehyde (MDA) formed/min/ mg protein. Superoxide dismutase was determined by the method of Marklund and Marklund.
26) The degree of inhibition of the autoxidation of pyrogallol at an alkaline pH by SOD was used as a measure of the enzyme activity. Catalase and glutathione peroxidase activities were estimated by the method of Sinha et al., 27) and Rotruck et al., 28) respectively. Catalase decomposes H 2 O 2 to water and hence, the activity of CAT was measured from the amount of H 2 O 2 consumed per minute per mg protein. GPx is expressed as micro grams of glutathione utilized per minute per mg protein at 37°C. The activity of glutathione-S-transferase was assayed by the method of Habig et al. 29) The enzyme activity is expressed as µmoles of chloro 2,4,dinitrobenzene (CDNB) formed/min/mg protein. GSH was determined by the method of Moron et al., 30) which was based on the reaction of GSH with 5,5-dithiobis-2-nitrobenzoic acid (DTNB) to give a compound that absorbs at 412 nm. Vitamin E was estimated by the method of Quaife and Dju 31) with slight modification by Baker and Frank. 32 ) Vitamin E level is expressed as mg/dl for plasma and mg/g wet tissue for breast tissue, liver and kidney. 33) Vitamin C was estimated by the method of Omaye et al. 34) Vitamin C level is expressed as mg/dl for plasma and mg/g wet tissue for breast tissue, liver and kidney. Protein content was measured by the method of Lowry et al. 35) ROS namely, Superoxide radical and H 2 O 2 36-38) were also measured. Hydroxy radical was measured by their reaction (hydrogen substraction) from 2-deoxy ribose, resulting in the formation of thiobarbituric acid reacting species. Amount of hydroxyl radicals present in the cells were expressed in terms of MDA as nmol/10 12 cells. Superoxides were estimated, in which SOD was inhibited with diethyldithiocarbamate. For each sample, superoxide was measured as nitro blue tetrazolium (NBT) reduction in two sets of tubes. In one set of tubes, SOD was inhibited. The difference gave the superoxide radicals present at the time of assay. Hydrogen peroxide (H 2 O 2 ) was estimated by the method of Wolff.
38) H 2 O 2 oxidises ferrous ion to ferric ion selectively in dilute acid and resultant ferric ion can be determined by sensitive dye xylenol orange. OCresolsulfonaphthalein 3′,3′-bis methylimino diacetic acid which is highly sensitive to ferric ion to form a blue-purple complex measured at 540 nm. The hydrogen peroxide levels were expressed as µmoles/10 12 cells. Statistical Analysis ---Results were presented as Mean ± S.D. of six rats. The results were statistically analysed using one-way analysis of variance (ANOVA) followed by the post hoc Student's Neuman Keuls test for multiple comparisons using Statistical Package for Social Sciences (SPSS) computer package. Values of p < 0.05 was considered to be significant. Table 1 depicts the body weight, tumour weight and tumour volume changes of the control and experimental animals. Initially, there was no significant change in the body weight of the control and experimental animals. Finally, the bosy weight of mammary carcinoma bearing animals were significantly (p < 0.05) reduced when compared to control animals. In contrast, the post induction treated rats showed an (p < 0.05) increase in their body weight when compared to mammary carcinoma bearing animals. The simultaneously treated animals also showed an increase in the body weight when compared to mammary carcinoma animals. Drug control animals showed an increase in their body weight but not to significant levels when compared to normal healthy animals.
RESULTS AND DISCUSSION
In mammary carcinoma bearing animals, the sharp decline in their body weight may be due to the cancer cachexia which results in progressive loss of body weight, which is mainly accounted by wasting of host body compartments such as a skeletal muscle and adipose tissue. Weight loss and tissue wasting are observed in cancer patients implies poor prognosis and shorter survival time for cancer patients. 39) Pain et al., 40) reported that the drop in body weight results due to the less amount of food intake and /or absorption, which contributes to muscle wasting in tumour cachexia. In post treated and simultaneous treated groups of animals, the significant increase in body weight indicates the antineoplastic property of the drug. Drug control animals did not show any significant variations. Drug does not exert any evil side effect or toxic symptoms indicating its non-toxic nature.
There was a considerable tumour progression in the untreated animals when compared to the treated animals which might be due to the tumour proliferation of the cancer cells. In drug treated animals, the tumour did not disappear totally, but a significant regression was found when compared to untreated rats showing the inhibitory action of the drug on tumour growth. Flavonoids are reported to have inhibitory action on various stages of tumour development in animal studies. 41) Fig. 1 shows the levels of lipid peroxides in the breast, liver, kidney and serum of control and experimental groups of rats. A significant increase (p < 0.05) in the lipid peroxides level was observed in the mammary carcinoma bearing animals when compared to control animals. Post-treated animals showed a significant (p < 0.05) decrease in the level of lipid peroxides when compared to diseased untreated animals. Simultaneous treated animals showed steep decrease in the level of lipid peroxides when compared with Group II and III animals. Drug control animals showed no significant changes in the level of the lipid peroxides when compared to Lipid peroxidation is regarded as one of the basic mechanism of cellular damage caused by free radicals. Free radicals react with lipid causing peroxidation resulting in release of products such as MDA, hydrogen peroxide (H 2 O 2 ) and hydroxyl radicals (OH). ROS including O 2 -, H 2 O 2 and OH radicals play an important role in carcinogenesis. 42) Free radicals are involved in a wide variety of diseases, especially cancer. They cause lipid peroxidation of membrane lipids leading to cellular damage and derangement in membrane function and integrity.
Drug treated animals showed a significant (p < 0.05) decrease in the lipid peroxide levels when compared to mammary carcinoma bearing animals. This may be due to free radical scavenging action of flavonoids, isoflavonoids and ascorbic acid present in the drug, "Kalpaamruthaa". Flavonoids possess free radical quenching activity and protect against lipid peroxidation which reduces lipid peroxidation by enhancing host detoxification system. 43 ) Tables 2-7 shows the activities of enzymic antioxidants like SOD, CAT, GPx, GST and levels of non-enzymic antioxidants like GSH, Vitamin C and Vitamin E in liver, kidney, breast tissue, hemolyasate and plasma of control and experimental animals, respectively. Cancer bearing animals showed a significant decrease (p < 0.05) in the activities of these antioxidants when compared to control animals. The post treated animals showed a significant (p < 0.05) increase in these enzyme antioxidants when compared to diseased untreated animals. The simultaneous treated animals showed a steep (p < 0.05) increase when compared with Group 2 and 3 animals. Drug control animals did not show any significant changes in the activities of enzymic and levels of nonenzymic antioxidants when compared to control animals. Table 8 shows the levels of ROS in hemolysate of control and experimental animals. Levels of ROS in hemolysate of mammary carcinoma bearing animals were found to be significantly (p < 0.05) increased when compared to control animals. On administration of the drug (KA), the levels of ROS were found to be significantly (p < 0.05) decreased when compared to diseased animals. Simultaneous treatment with KA showed more effect than post treatment with KA. Drug control animals showed no significant changes in the levels of ROS when compared with control animals.
Oxidative stress resulting from an imbalance between proxidants and antioxidant status seems to play an important role in breast cancer. 44) Improper balance between prodution of ROS and antioxident defense system have been defined as oxidative stress in various pathologic condition. 45) Primary antioxidants such as SOD, GPx, CAT and GST protect the 46) The reduction in antioxidants level indicates the inability of these defense systems to scavenge the enormous free radical produced during mammary carcinoma development.
Non-enzymic antioxidants like GSH, Vitamin E and Vitamin C have shown to ameliorate adverse effects associated with free radical damage to normal levels in cancer therapy and to reduce the recurrence of breast cancer. 47) Lowered vitamin E and vitamin C are not sufficient to counter higher reactive oxygen species produced in breast cancer. This may lead to oxidative stress, leading to cellular and molecular damage thereby resulting in cell proliferation and malignant conversion 45) (Hussain et al., 2001) . GSH serves as substrate for GPx, an enzyme that function to remove H 2 O 2 , which oxidizes it to form GSSG. Vitamin E has an operative role in cancer. It is an excellent lipid soluble chain breaking antioxidant in the presence of the co-operative antioxidants like vitamin C, Carotenoids, etc. 48 ) Vitamin E prevents lipid peroxidation and this prevents membrane damage and modification of low-density lipoproteins. 49) Upon administration of Kalpaamruthaa to mammary carcinoma animals, the activities of enzymic antioxidants and non-enzymic antioxidants were increased when compared to the diseased animals. This may be due to the action of flavonoids, isoflavonoids and ascorbic acid present in the drug. Flavonoids and isoflavonoids have potent antioxidant activity relavent to cancer. 50, 51) Glycoside linked flavonoids are responsible for antioxidant effects. 43) Isoflavonoids play an important role in prevention of breast cancer, prostrate cancer and atherosclerosis. 52) This accounts for the anti tumour property of the drug through modulating the ROS and lipid peroxidation.
The above experimental results obtained indicate that the drug has definite curative and protective efficacy against mammary carcinoma. Due to its potent therapeutic property and non-toxic nature upto high doses, it may be considered to be used as a safe energetic pharmacological drug in the field of cancer therapy without much complication. Simultaneous KA treated animals showed greater response to KA, when compared to post KA treated animals. This can possibly be attributed to the therapeutic efficacy of KA in curtailing tumour initiation and progression, a prophylactic property. 
